The use of plaque-forming techniques in animal virology has markedly increased flae sensitivity and precision of measuring neutralizing antibody, and this together with other developments such as the ready availability of large quantities of relatively pure viral antigens and new techniques for characterizing antibody have prompted a reexamination of several aspects of the formation and properties of viral neutralizing antibody. In the work being reported a poliovirus-rabbit antibody system has been extensively studied with particular emphasis on experiments concerned with the length of the induction period, changes in properties of antibody produced at different times after an antigenic stimulus, differences in !9S and 7S antibody formation and on the ability of animals to display "immunological memory." The combination of high sensitivity and high accuracy in measuring antibody to poliovirus (PV) makes an excellent tool permitting for example the study of the very early appearance of circulating antibody.
(Received for publication, July 29, 1963) The use of plaque-forming techniques in animal virology has markedly increased flae sensitivity and precision of measuring neutralizing antibody, and this together with other developments such as the ready availability of large quantities of relatively pure viral antigens and new techniques for characterizing antibody have prompted a reexamination of several aspects of the formation and properties of viral neutralizing antibody. In the work being reported a poliovirus-rabbit antibody system has been extensively studied with particular emphasis on experiments concerned with the length of the induction period, changes in properties of antibody produced at different times after an antigenic stimulus, differences in !9S and 7S antibody formation and on the ability of animals to display "immunological memory." The combination of high sensitivity and high accuracy in measuring antibody to poliovirus (PV) makes an excellent tool permitting for example the study of the very early appearance of circulating antibody.
In this work, to be reported in a series of papers, we have sought to (a) analyze 19S and 7S type antibody formation in terms of antigen dose requirement for induction and maintained synthesis, kinetics, duration of immunological memory, and sensitivity to whole body x-irradiation; (b) examine the progressive changes in physicochemical and biological properties of antibody with time after antigenic stimulus; and (c) to investigate the properties of antibody formed in vitro by in ~/vo primed cells. In addition the nature of "normal" antibody and its significance in relation to the immune response has been examined and will be reported.
Early in this study it was found (1-3) that the induction period was of the order of several hours or less and that macroglobulin antibody was demonstrable 8 to 12 hours after antigen injection when sufficiently sensitive methods * This investigation was supported in part by research grant E-4350 from the National Institute of Allergy and Infectious Diseases, United States Pubfic Health Service.
Immunization Procedure.--Healthy, 3~ to 5-month-old female, randomly inbred, Chinchilla-Flemish rabbits weighing 2.5 to 3.5 kg were injected intravenously into the marginal ear vein. Groups of 3 to 8 rabbits were injected with 2 ml diluted stock virus. At various intervals thereafter the rabbits were bled by heart puncture, the blood allowed to clot and the sera collected and stored at --70 ° or 3°C without preservatives.
Early in the study it became evident that, in order to reduce the variation of the antibody response, a careful selection of animals to be immunized was necessary. Rabbits with overt "snuffles," indications of "wry neck," soft droppings, or high coccidia oocyst counts were excluded.
Assay of Neutralizing Antlbody.--Sera were titrated for neutralizing antibody by mixing equal volumes of virus (150 PFU) and varying dilutions of whole or fractionated serum. The mixtures were held for 18 hour~s at 3°C plus 3 hours at room temperature and assayed without dilution on HeLa monolayers for surviving virus. Antibody activity is expressed in 50 per cent neutralizing units, defined as the serum dilution at which the plaque-forming titer was reduced by half. End-point determinations were calculated from graphic interpolation. Originally, antibody activity was assayed by the kinetic method but, because of non-first order kinetics observed with early antisera (5) this method was abandoned for the 50 per cent end-point method.
Density Gradient Ultracentrifugation,--Zone density ultracentrifugation was accomplished in a Spineo model L centrifuge employing a SW 39 rotor and a preformed gradient (6) of sucrose ranging from 10 to 37 per cent. Whole or fractionated serum (0.2 to 0.3 ml) diluted as much as tenfold in a buffered saline solution (BSS) was layered over the gradient. Centrifugation was carried out for 16 hours at 35,000 m,x~. Serial fractions (0.15 to 0.25 ml) were collected dropwise through a hole in the bottom of the tube. Localization of the 19S and 7S bands was facilitated by the addition to the serum of bromphenol blue, which revealed the position of the albumin fraction (N 4S).
Reduction of Serum Macroglobulin by
Mercaptans.--Sera or serum fractious were incubated for 24 hours at 3°C with equal volume of phosphate buffer (0.02 ~, pH 7.2) containing 0. antibody activity under these incubation conditions a final concentration of 0.2 ~ 2-mercaptoethanol had to be used. This mercaptan concentration had no effect on the neutralizing activity of 7S type antibody controls. The mercaptan was removed by dialysis against pH 7.0 BSS for 24 hours at 3°C. In some experiments the removal of the 2-mercaptoethanol was followed by alkylation with 0.02 ~ iodoacetic acid and subsequent dialysis against BSS.
Protein Determinc~ion.--Protein analysis of virus stocks, and serum fractions was carried out by the Lowry modification (7) of the method of Folin-Ciocalten with crystaliine bovine serum albumin as a standard.
Acid Reactivation of Neutralized Virus.--Fifty to 80 per cent of the infections PV was recovered from the neutralized state by acidifying virus-serum mixtures to pH 2.2 to 2.4. This was accomplished by diluting the mixtures tenfold in an acidified buffer and keeping them at room temperature for 30 minutes. The pH was then adjusted to neutrality by the addition of 49 volumes of neutral buffer to the mixtures which were immediately assayed on HeLa monolayer cultures.
RESULTS

Demonstration of Circulating Antibody within 24 hours after Antigen
Injection.
--T h e purpose of this experiment was to determine the length of the induction period and the rate of early antibody formation as related to antigen dose.
Rabbits, in groups of 3 to 8, were given single intravenous injections with 2 ml of antigen containing 10 ~'4 to 109"6 PFU, and sera were collected at various times thereafter and assayed for neutralizing antibody. In some instances the antigen had been irradiated with ultraviolet light to destroy the virus infectivity. Fig. 1 shows the kinetics of antibody formation over a 7 day period. Antibody was detectable in all animals on the 2nd day and in several instances low, but measurable, levels were evident on the 1st day after injection. When the curves in Fig. 1 were extrapolated back to zero time they either intersected the ordinate at points corresponding to non-detectable levels of antibody (higher doses of antigen) or low levels of antibody (lower doses of antigen). Since no neutralizing activity was demonstrable prior to immunization in these animals it is necessary to assume that the rate of increase of antibody formation, in response to low doses of antigen was more rapid in the first 2 days than thereafter. This greater acceleration of the rate of antibody formation was more prolonged with higher dosage of antigen. UV-inactivated virus was less antigenic but the kinetic aspects of the antibody response were otherwise the same.
In order to be certain that this type of kinetic response was not unique for PV; the antibody response to Coxsackie B-4 virus was studied in 9 rabbits. Although lower levels of antibody were obtained than with similar doses of PV the kinetics of early antibody formation were essentially the same for the two viruses. The results with these two viruses indicate that synthesis and release of antibody can occur within several hours after antigen introduction, a suggestion which was confirmed in the experiments which follow.
The appearance of antibody within 1/~ to 1 day was readily detected by the use of a very sensitive assay system which in principle consisted simply of allowing the serum-virus mixtures to incubate over long periods at 3°C and following the decline in virus survival by the usual method. Differences both in the rate of neutralization and in the level of virus survival were found between pre-and early post-immunization sera by this method. The method is complicated by the occurrence of a viremia in m a n y rabbits in the first 24 hours as well as the fact that all preinoculation rabbit sera show neutralization by this test procedure and the antibody increase must be measured against this background. The character of this background-neutralizing factor will be considered in a later paper.
In the first experiment 4 rabbits were given a moderate dose of antigen (4 X l0 s PFU) and bleedings were taken at 4 and 8 hours. Since the 4 and 8 hours sera were viremic no more virus was added prior to their incubation at 3°C. The amounts of virus in the 4 hours samples were determined after acidification and these amounts were added to the respective preinoculation sera. An increase in the amount of irffectious virus was often observed after such acidification of early serum samples. The various sera as well as suitable controls were then kept at 3°C for about 40 days and the surviving virus was periodically titrated.
Results obtained with sera from one representative rabbit are shown in Fig. 2 . The 8 hours, and sometimes also the 4 hours, sera showed significantly greater neutralization than the preimmunization samples. The amount of virus obtained by acidification of the 4 hours samples declined only slightly with time, indicating a slow thermal inactivation of virus.
Occasional rabbits showed rapid clearance of the virus after immunization and to sera from these animals it was possible to add virus (250 PFU/ml of serum) and follow the neutralization of 3°C with results such as those shown in Fig. 3 . Here a consistent increase in neutralizing titer was seen from the preimmunization level up to 24 hours. Six days' incubation was often insufficient for demonstration of full activity, particularly in 12 and 16 hours sera. These results supported the conclusion arrived at earlier from the kinetic data in Fig. 1 that sera collected ~ to 1 day after virus injection contained neutralizing antibody which rapidly increased in amount with time after immunization. The specificity and the immunologic nature of this early response to PV was examined in various ways. There was no reduction of the neutralizing capacity of 48 hours serum samples following their repeated absorption with HeLa monolayers or HeLa cell debris. When Coxsackie B-4 virus was incubated for 1 week at 3°C with either the preimmunization sera or the 24 hours sera (see Fig. 3 ) the same low "background" neutralization of this virus was observed. As will be seen in subsequent papers of this series the PV-neutralizing activity in 24 and 48 hours sera was associated with a heat-stable 7z-B-macroglobulin of low avidity (2, 5) . Finally, the formation of the early neutralizing principle was greatly inhibited by whole body x-irradiation administered 20 hours prior to immunization (8) . Therefore, the specificity and the physico-chemical properties of the early neutralizing factor are consistent with the known characteristics of antibody.
Background Activity in Normal Rabbit Sera to Various Antigens.--Sera from most non-immunized rabbits failed to neutralize PV when virus-serum mixtures were held overnight at 3°C. However, with few exceptions, such sera showed low levels of activity after more prolonged incubation (Figs. 2 and 3 ). By the same technique it was observed that normal rabbit sera contained neutralizing substances also against viral antigens such as PV types 2 and 3, Coxsackie virus B 4 and B-5, and coliphage T23 
T I M E (WEEKS) OF INCUBATION AT 3°C
Fro. 3. Virus-neutralizing capacity of non-viremic rabbit sera collected 12, 16, and 24 hours following intravenous injection of 4 X 10 s PFU of poliovirus. Undiluted sera were mixed with virus (250 PFU/0.5 ral serum) and the mixtures incubated for several weeks at 3°C. Results obtained with sera from one representative animal are shown.
The physical nature and immunologic significance of the substance responsible for this normal, or background, activity has been investigated in detail and the results will be reported elsewhere. For the present it will suffice to say that by sensitive techniques, employing prolonged virus-serum incubation, low background activity was demonstrable against a variety of antigens, but that the presence of such background had no detectable effect on the antibody responses.
Duration of Antibody Synthesis as Related to Dose Antigen.--The dependence
of the duration of antibody synthesis on the amount of antigen administered was studied. Groups of 3 to 8 rabbits were injected intravenously with doses of antigen varying from 10 e.4 to 100"6 PFU. Each animal received a single injection and sera were collected periodically.
The results of these studies are shown in Fig. 4 where two distinctly different types of response are evident. Following a period of about 4 days of exponentially increasing antibody production, either nearly abrupt cessation or prolonged continuation of synthesis occurred. In the former group given a dose of antigen of 106'4 PFU (~-~ 1.0 #g "viral" protein), antibody declined after the 4th day at a rate closely corresponding to that of metabolic decay of the type of antibody formed (as will be shown below). In the latter group, given l0 T.* PFU (~-~_ !0 ~g "viral" protein) or more, the rate of synthesis nearly equalled that of decay after 2 weeks with the result that high antibody levels persisted for periods of more than 40 weeks.
Fzo. 4. Duration of the formation of poliovirus-neutralizing antibody as related to dose of infectious or UV-inactivated antigen administered. Each curve represents geometric mean antibody titers from the response of 3 to 8 rabbits given a single virus injection. The metabolic decay rates for 19S and 7S type antibody were determined by measuring the rate of disappearance of passively transferred antibody from the sera of recipient rabbits.
* Virus dose in log10 PFU.
The prolonged persistence of antibody production was unexpected under the above conditions where a single dose of PV was adminfstered to a species of animal considered to be naturally resistant to PV infection (9) . The possibility was considered that, given a large enough dose of infectious virus, a chronic asymptomatic infection might ensue thereby establishing a persisting source of antigen. To test this, UV-inactivated virus was used as antigen. Three doses were employed which after irradiation, contained 10 ~'°, 10'.° and < 10 ° PFU but corresponded in antigenic mass to 1@ '7, 107.7, and 106.~ PFU respectively. The results (Fig. 4) show that although there was a decrease in the antigeuicity of the virus after irradiation the responses to the two higher doses were still of the enduring type. Since earlier experiments had indicated that more than 106.4 PFU are required to establish an enduring response, it is reasonable to attribute the type of response, namely transitory or enduring, to the quantity of antigen rather than to its degree of infectivity.
POLIOVIRUS-N~UTRALIZING ANTIBODY. I
The All-or-None Nature of the Enduring Response.--The preceding experiments revealed that a dose of antigen of 10 6`4 PFU/rabbit consistently elicited a transitory response while a dose of 10 TM or more evoked an enduring response. It was of interest to determine if an intermediate dose would elicit a response of intermediate type.
Eleven rabbits received a single injection of 10 6.9 PFU. They were bled periodically and the individual sera were assayed for antibody activity. For the first 6 days antibody titers of all animals were of similar magnitude (Fig. 5) . On days 5' and 6 antibody levels decreased rapidly suggesting an abrupt cessation of antibody synthesis prior to that time. Mter the 6th day the responses could be classified into three grattps. In one (4 animals), titers continued to decline as was observed previously in a response that is designated transitory. A second group (3 animals) was characterized by a second sharp rise in antibody synthesis followed by antibody titers that were still at near peak level after 75 days; i.e., a typical enduring response. The third group (4 animals) showed a weak renewal of antibody formation which was of short duration (about 1 week) and was succeeded by discontinued synthesis and antibody decline as in a typical transitory response.
These results indicate that the enduring response is an all-or-none phenomenon. With antigen doses of critical amounts the type of antibody response depends on the animal and either full stimulation or no stimulation of an enduring response is observed.
Formation and Rates of Metabolic Decay of 19S and 7S Type
Antibody.--In the present system as in several others (10) (11) (12) (13) (14) (15) (16) (17) (18) , two types of antibodies, distinguish-able by their molecular weight, are produced in response to antigenic stimulation. These antibodies sediment as molecules with sedimentation constants of approximately 19S and 7S (S, Svedberg unit). Studies were undertaken to determine the kinetics of the formation of each type of antibody and the relationship between type of antibody and type of response (transitory or enduring).
In order to evaluate the kinetics either of increase or decrease in antibody formation, it was first necessary to determine the metabolic decay rates for each of the two kinds of antibody. The method used was to measure the rate of disappearance of passively transferred antibody from the sera of recipient rabbits.
To avoid the development of isoanfibody the same rabbit served both as source of antibody and recipient (19, 20) . A previous immunization does not affect the rate of antibody decay (21, 22) . The decay rates of both 19S and 7S type antibody were studied.
19S and 7S antibodies were obtained from rabbits 4 days (low dose of antigen) and 4 months (high dose of antigen) respectively, after immunization. The nature of the antibody was verified by zonal centrifugation in a sucrose gradient and by treatment with 0.2 M 2-mercaptoethanol for 1 day at 3°C which preferentially inactivated the 19S type antibody (5, 23) . Each serum was then injected intravenously in 25 ml volume into the rabbit from which it was obtained at a time when no circulating antibody was demonstrable. In the case of 7S antibody the test could not be performed until 20 months after immunization due to the enduring formation of this antibody. Rabbits were bled daffy and the sera assayed for antibody.
The results are shown in Fig. 6 . Decrease in antibody titer occurred in 2 phases, the first of which was short-lasting and in all likelihood represented the summation of decay and equilibration between serum and tissue. This phase was followed by an exponential rate of decline which is considered to represent metabolic decay. When estimated from this second phase the half-life is 7 to 9 days for 7S antibody and ca. 4 days for 19S antibody. These half-lifes are slightly longer than those reported earlier for rabbit antibody (22) .
Molecular Types of Antibody in Transitory and Enduring Responses and the Kinetics of Their
Formation.--In the following section are described (a) the kinetics of the formation of 19S and 7S antibodies after a single antigen injection and (b) the correlation between the type of antibody response, enduring or transitory, and the molecular form of antibody synthesized.
In a preceding part of this paper (Fig. 5 ) it was reported that when an intermediate antigen dose (10 ~.g PFU) was employed some animals showed enduring and others transitory antibody formation. Such a dose is therefore about the minimal amount of antigen necessary for induction of an enduring response. The ability to distinguish 19S and 7S type antibodies, either by their sensitivity to disulfide bond reducing compounds or by separation in sucrose gradients, permitred the determination of the course of synthesis of both molecular forms following injection of this intermediate antigen dose. The density gradient centrifugation technique had to be used in order to detect I9S antibody in the presence of appreciable amounts of 7S type antibody.
The details of an enduring and a transitory response to the same intermediate virus dose (106.9 PFU) are shown in Fig. 7 . In both instances antibody titers rose for 4 days declined for 2 days and then rose again. In the case of the transitory response, the renewed synthesis was short-lived (about 2 days) and antibody titers decreased to near zero level within 1 month. It is of particular interest that throughout this response only 19S antibody was detected. Fzc. 5. Decay rates for passively transferred 19S and 7S rabbit antibodies in the sera of 3 recipient rabbits. The same animal served both as source of antibody and recipient.
In the case of the enduring response, at the time of renewed synthesis (7th day after injection of antigen) small amounts of 7S antibody were detected which represented less than 5 per cent of the total antibody. Synthesis of 19S antibody continued for a short time at a decelerating rate whereas 7S antibody titers rose until about the 30th day when essentially only 7S antibody was demonstrable. The latter antibody increased slowly when this minimal (for induction of 7S antibody) dose of antigen was used. It was evident from these data that enduring antibody production resulted only when 7S antibody formation was induced.
The nature of the brief renewal of 195 antibody synthesis is not understood. The first 19S peak represented splenic antibody (5). The second peak may be due to an abortive phase of 19S antibody synthesis by extrasplenic sources or possibly some antigen again becomes available for stimulation of splenic antibody formation.
The Kinetics of the Formation of lPS and 7S Antibodies Following Stimulus with a Single High Antigen Dose.--An analysis was also carried out of the kinetics of the formation of 19S and 7S type antibodies in response to a single large dose of antigen (10 9.6 PFIJ). Stimulation with such a high dose -n;formly resulted in enduring antibody formation. The results of the kinetic analysis are contained in Fig. 8. 19S antibody formation was detected on the 1st day, and continued to increase exponentially until the 4th day, remained at a constant level for the next 10 days and then declined at an exponential rate which approximated the decay rate for 19S antibody. 7S antibody was not detected until the 3rd day, increased at a gradually diminishing rate and attained a maximal level at about 3 weeks, and remained at or near this level for at least 30 weeks. about equal to the rate of its decay (Fig. 8 ). These and other findings, to be discussed in the following paper (8) , indicate that the cessation of 19S formation is probably due to lack of continuous antigenic stimulus. doses, which resulted in transitory 19S antibody responses, titers of antibody were measured on the 4th day after inoculation. For higher doses, antibody titers were determined 14 days after inoculation. It can be seen from Fig. 4 that at these respective times antibody titers are at or very near, maximum levels. The relationship between dose of viral ~ntigen (infectious or inactivated) ~nd molecular type of antibody formed, and peak antibody titers is also summarized in Table I . Fig. 9 shows the dependence of antibody titer on virus dose over a 1000-fold range in virus dose. Since only 19S type antibody was demonstrable in the 4 day sera and predominated in 14 day sera the curve actually represents the relationship between dose of antigen and 19S antibody response. The curve is sigmoidal and appears to approach a maximum antibody fiter of about 105 at a virus dose of 101 ° PFU. In other experiments it was found that after three injections of high doses of antigen, for a total of 109.5 PFU, antibody fiters of 105.5 were attained. It thus appears that it may not be possible to elicit the maximum potential response with one dose of antigen. Fig. 9 also shows the approximate region on the curve (shaded) where the type of response, i.e. transitory (19S) or enduring (19S -4-7S) , is unpredictable. The breadth of this critical dose region is mainly due to individual variation among animals. It should be emphasized that above and below this critical range of antigen, the responses are predictably either enduring or transitory respectively.
Although the curve representing the response to UV-inactivated virus is based on only three determinations it shows that the antigenicity of the virus is considerably impaired by radiation. Similar observations have been made earlier in immunization studies with UV-inactivated PV (24) . Both molecular types of antibody were formed also in response to UV-inactivated virus.
DISCUSSION
The present report confirms and extends the earlier observations (1-3) of strikingly rapid antibody formation in this system. In routine tests serum macroglobulin antibody was detectable 24 hours after antigenic stimulus, and within 4 to 12 hours by more sensitive test procedures. The detection of antibody at such early times can probably be attributed to the high sensitivity of the assay methods.
Considering (a) the time required for release of intracellular antibody (25), (b) the dilution of antibody in intercellular fluids and serum, and (c) its binding to circulating antigen, the early demonstration of serum antibody (4 to 12 hours) in the present study points to an almost immediate stimulation of antibody synthesis. Similarly, the kinetic curves for PV antibody rise, which extrapolated back close to zero time, showed that in 19S antibody formation the lag phase was very short, of the order of 4 to 5 hours or less. Nunes (26) described the presence of agglutinins 5 and 16 hours after intraperitoneal injection of pneumococcus Type 1 in guinea pigs, but neither the specificity nor the physicochemical basis of this early activity was studied. The early neutralizing factor to PV satisfies the criteria of antibody: its synthesis increases rapidly after antigenic stimulus; it is associated with a serum ~'l-/~-macroglobulin (19S) of high reactivity to the antigen that stimulated its formation; it does not cross-react with serologically unrelated antigens and its formation is greatly inhibited by prior x-irradiation (8) . Two recent studies in other hosts and with other viral antigens have also shown early antibody production. Uhr, Finkelstein, and Baumaim (27) detected free antibody in 48 hours when guinea pigs were stimulated with bacteriophage CX 174 and Bradley and Watson (28) reported an increase in the neutralizing activity of mouse sera 6 to 12 hours after intraperitoneal injection of actinophage. A common denominator in these two systems and in the present study is the use of a highly sensitive antibody assay; riz. virus neutralization. This suggests that with adequately sensitive methods for antibody detection most systems will show rapid antibody formation. The immediate or almost immediate stimulation of antibody synthesis observed with PV and Coxsackie B4 virus in rabbits may well be generally characteristic of mammalian hosts.
Most normal rabbit sera were found to contain background activity to a variety of antigens when very sensitive assay procedures (long virus-serum incubation at 3°C) were employed, but no booster effect was observed in the early (19S) response to the two antigens tested (PV, type 1~ and Coxsackie B-4) in rabbits with such background (5) . It should also be recalled that there was no distinct difference between primary and secondary 19S antibody responses to PV (2). The following paper (8) will present further evidence for a weak "immunological memory" in 19S antibody formation. The background activity to PV and Coxsackie B4 was also associated with macroglobulins of the 19S type. The cross-reactivity and other properties of this background will be discussed further in a subsequent paper (5) .
There is good evidence that antibody is synthesized de novo from the amino acid pool (29) . Consequently, when the antigen is administered intravenously the rate of antibody rise, corrected for antibody decay, reflects the rate of antibody formation. In the present study, the initial rate of antibody synthesis appeared to be antigen dose independent while the duration of this early maximal rate was dose-dependent. Peak antibody titers were directly related to the dose of antigen used. These results are essentially in agreement with observations by Taliaferro and Taliaferro (30) , but are at variance with data by Uhr, Finkelstein, and Baumann (27) who reported that the relative rate of antibody formation was independent of antigen concentration over a 104 dose range.
The average doubling time of early formed antibody decreased from 15 to 6 hours as the antigen dose increased (Fig. 1) . This appeared to be due to the prolongation of an initial maximal rate of increase of antibody synthesis. There are two principal ways in which a more intensive antigenic stimulus may produce such an effect. If the exponential phase of antibody formation reflects lymphoid cell multiplication, induced by the antigen, increased stimulus may prolong the period of a maximal rate of cell division. On the other hand, if the early antibody rise was due to non-mitotic differentiation of primitive lymphocytes into antibody-producing cells within the plasma cell series, an increased antigenic stimulus may reduce the time required for such cellular differentiation.
However, this latter explanation is less likely since (a) there is good evidence for increased cellular proliferation (primitive lymphocytes and immature plasma cells) as a result of the antigenic stimulation in the course of antibody formation (31-37), (b) the division time reported for lymphoid cells (37) (38) (39) ) is similar to the doubling time for early antibody obtained with low and intermediate PV doses, and (c) it is difficult to see how non-mitotic differentiation alone could account for the very rapid exponential 19S antibody rise in response to a high PV dose. In their scheme for the development of an antibody-forming clone in a secondary response Nossal and M~kel~ (37) proposed antigenic stimulation of primitive lymphocyte proliferation and subsequent cellular differentiation.
Only one antigen (the N antigen) has been described for the native infectious PV particle (40) . In attempts to demonstrate that 19S and 7S type antibody are directed at the same antigenic component of the virus, the reaction between the two antibodies and infectious PV was studied by the technique of double diffusion in a'gar (41) . 19S antibody was found to react with PV with the production of a single line of precipitiation which fused, without visible spurs, with one of the two or three lines, obtained with virus plus 7S antibody. The nonfusing line(s) ~ was no longer demonstrable following the repeated absorption of whole serum or isolated 7S antibody with HeLa cell debris. Since one diffusible unit may contain two antigenic groupings the results above are compatible with, but do not prove, that the same antigenic component of PV reacts with 19S and 7S antibody. A more definite answer to this question has to await a critical analysis O f the antigenic structure of the capsomeres of the virus.
In transitory 19S antibody responses to low antigen doses (<6 X 10 e PFU) there was an abrupt cessation of antibody synthesis on days 4 to 5 and a decline of antibody to preimmunization levels within about 4 weeks. The following report (8) will show that the cessation of I9S antibody synthesis was due to lack of continuing antigenic stimulus. These transient 19S antibody responses contrasted sharply to responses in animals receiving five times as much or more virus (> 3 X 107 PFU), following which antibody synthesis continued with an only slightly reduced rate for 9 to 18 months. It is of particular interest that the amount of antigen required to induce such an enduring response was also the minimal dose needed to stimulate the formation of 7S type antibody.
Antibody responses to intermediate doses of antigen were usually biphasic. When these responses were transitory both antibody peaks represented 19S antibody. In contrast, whenever enduring antibody formation occurred the transient 19S antibody synthesis was followed by a persistent 7S antibody formation. This again indicated that the enduring response was an all-or-none phenomenon depending upon whether or not 7S antibody formation was induced.
The minimal dose requirement for induction of 19S antibody was much less than that for 7S antibody; preliminary data indicate at least 50 times less. Con-sequently, it was possible to indicate (on the PV dose-antibody response curve) the antigen dose region within which predictably only 19S antibody was formed following antigenic stimulation. Thus, besides the pronounced differences in the kinetics of formation of the two molecular types of antibody an additional, previously not studied, point of distinction was found in the antigen dose needed for their induction. These and other differences in the formation of 19S and 7S type antibody, to be described in the following paper (8) , make it seem unlikely that the two antibodies are synthesized by the same cell.
SUMMARY
Rapid formation of poliovirus-neutralizing antibody was observed in the rabbit. 19S type antibody was detectable 8 to 12 hours following a single intravenous virus injection and the induction period was of the order of 4 to 5 hours or less. The production of 7S antibody had a longer lag phase (1~ to 2 days) and it was formed at slower rate. The observed rate of early 19S and 7S antibody formation as well as the peak titers of the two antibodies were antigen dose dependent. Normal rabbit sera showed low neutralizing activity to several viral antigens in a sensitive assay system.
Following intravenous inoculation of poliovirus either transitory (_~ 1 month) or enduring (~ to 1~-~ year) antibody formation resulted depending upon the dose of antigen employed. In transitory responses, which could be induced by a single small antigen dose, only 19S antibody was demonstrable and there was an abrupt cessation of antibody synthesis on day 4 or 5. In enduring responses, both 19S and 7S antibody were formed and the minimum antigen dose required for initiation of such a response was equal to the dose needed for induction of 7S antibody formation. Thus, enduring antibody formation was an all-or-none phenomenon depending upon whether or not 7S antibody formation was induced.
The antigen dose requirement for induction of 7S antibody was much higher (by 50-fold or more) than that for 195 antibody. This allowed a determination of antigen dose regions, within which predictably transitory (19S)or enduring (19S -{-7S) antibody formation was obtained. These pronounced differences in antigen dose requirement for induction and kinetics of formation of 19S and 7S antibody suggest that the same cells do not participate in the formation of the two antibodies.
